We report the role of long-and short-range order on the thermal conductivity and mode re-8 laxation times of a model Si 0.5 Ge 0.5 alloy using molecular dynamics simulation. All interactions 9 used the Stillinger-Weber potential and the Si and Ge atoms differed only by their mass. The 10 simulated alloys were generated using a Monte Carlo approach to decouple the short-range order 11 from the long-range order. The thermal conductivity is almost entirely determined by the alloy's 12 nearest-neighbor short-range order. Changes to the mode relaxation times between ∼3 and ∼6
scattering,
16 all in an effort to improve the thermoelectric figure of merit. 17,18 Alloys possess 24 two additional degrees of freedom for tuning k: the arrangement of the atoms on the lat- can be used to tune k over an order of magnitude at low temperatures. 21, 22 Here, we take
28
Si 0.5 Ge 0.5 as a representative model for semiconductor alloys and we report the effect of 29 long-range and short-range order on the thermal conductivity and normal mode relaxation 30 times at 300 K using molecular dynamics simulation.
31
The Bragg-Williams long-range order parameter, L, gives the probability that an atom where Lorentzian:
The fit yields τ = 1/(4πΓ) and the anharmonic linear frequency, f 0 , for each normal mode,
63
ν. At thermal equilibrium, the coefficient C is guaranteed to be (color online) Thermal conductivities of the 8 3 unit cell SiGe structures. The thermal conductivity is constant within the uncertainty (2σ) along the rows, indicating that the shortrange order is the dominant factor. Underlined data were also studied for size effects (Fig. 3) .
printing the conduction term of the heat current every 10 time steps for calculating k, 40 and 81 printing atomic velocities every 36 time steps for calculating τ (ν).
82
Ten independent samples of size 8 3 conventional cells were generated for each combination (transverse) in our systems. These wavelengths are greater than the S(r) decay lengths of 115 about 1.5 nm or less (Fig. 1) , which would suggest a reduced dependence of k on S 1 as the 116 system size increases, introducing more long wavelength modes. Yet Fig. 3 shows that the 117 strong dependence of k on S 1 persists out to the bulk limit.
118
To explore the dependence of k on S 1 further, Fig. 4 shows the normal mode relaxation 119 times. Figure 4a compares our results for the completely disordered structure to previous 120 molecular dynamics simulations using normal mode decomposition. 
131
The relaxation times below 10 THz are roughly fit by an f −2 power law (Figs. 4b-d) . 
143
We therefore attribute the dependence of k on S 1 (instead of L) to the alteration of 
